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sq ( ABSTRACT
jo ="

Possible ways of atomic nitrogen formation in the upper

atmosphere are examined, It is shown, that photochemical reactions
lead to a high rate of nitrogen formation at 200 to 300 km altitu-
des., On the basis of experimental data an estimate is made of the
number of nitrogen atoms in the atmosphere column above 200 km.
The distribution of N concentration with altitude is obtained.

Mo

COVER-TO-COVER TRANSLATION

The question of chemical composition of the atmosphere at
altitudes beyond 150~ 200 km, and of nitrogen dissociation in
particular, constitutes one of the most important problems of upper
atmosphere physics.

Inasmuch as the dissociation coeiiicient of the nitrogen

molecule by direct effect of solar radiation

is very small, and constitutes about 10712 sec L (1], the N,
dissociation cannot play a substantial part in the upper atmosphere,

Nicolet pointed to the dissociative recombination reaction of the




ions W% (see ref, [2]):
N; ~e—>N+N ()

as a possible source of atomic nitrogen at great altitudes.
However, the absence to-~date of data on ion concentration in
the atmosphere and on the coefficient of the reaction (1) rate
did not allow a cuantitative investigation of this question.

The results of the study of the ionic composition of the
atmosphere in the 100 — 500 km altitude range carried out by
V. G. Istomin [3, 4, 5] with the aid of geophysical rockets and
in the third Soviet artificial satellite of the Zarth, have shown
that NO* and Ng' ions exist at these heights in substantial
quantities, By their combination with electrons according to the

reactions (1) and (2), they lead to nitrogen atoms' formation :
NO* +e—>N+0 - @)

The coefficient of the dissociative recombination rate (1,2),
lately has been measured experimentally several times [6, 71,

leading to the value 1076 cn” sec™t. Besides, the reactions

O*4+N,—»NO*4+N, )
N*+N,—N! +N, (4)

examined in references [8, 9] as the source of ion NO* and Né+
formation, also lead to the formation of neutral nitrogen atoms,
Therefore, the total rate of atomic nitrogen formation at the
given altitude in cmsjper second is equal to the sum of reaction
rates (l)through(h) :
form.

Vn =V, +V, ¢+ V3 + V.

Inasmuch as according tol[8,¢ ]

VQ =V, and V, =V

1 3 2!



(Vo= 2V; + 2Vy = 2am, {{NO* | + [N; I}, (5) |

where o is the coefficient of the dissociative recombination

reaction rate., The computed magnitudes \erare tabulated here=-

after
H, kx [NO*] - | [N* - n, V-f”’"
150 14108 | <A | 18408, | 38,2108 |
- 200 1)9.105 | 4,8-10° | 4,0.108 | 1,2.10
300 5,8.10¢ 1,1.10¢ 2,0.10¢ 33,1108 |
400 101100 | 211100 | 1,418 | 5.4-10% |
500 102.10° | 1.0-10% | 1,0-10% | 1,0-10¢ |

The magnitude ng, is taken according to the experimental
data of reference [10]., It may be seen from the above table that
the rate of atomic nitrogen formation as a result of ion-exchange
reactions is rather high, It is necessary to stress that the obtai-
ned high values VN do not depend essentially on the proposed
mechanisms of ion NO¥  and Né* formation, but are only based upon
the observed concentrations of these ions, and the experimentally
obtained coefficient of the dissociative recombination rate.

There arises a natural question about the mechanism of
nitrogen atom vanishing, which under the equilibrium conditions
should compensate the N formation: |
I{\;:rm. =7 lv\}amsh-,

Nicolet [2, 11] expressed more than once the idea that the

v

vanishing of nitrogen atoms takes place in the atmosphere along the

system of reactions :

)

Besides, for the explanation of atomic nitrogen recombina-

tion, the folliowing reactions were proposed by various authors :



N4+N-=>N; +hav, - (7)i
N+N+M->N+M 8) |

9)

I. N4+ O-+4+M-—->NO+M’
2. NO+N->N,+0O ‘}

llowever, the system of reactions (6) can hardly play any
somewhat significant role in the atmosphere above 200 km, inasmuch
as according to contemporary concepts, molecular oxygen is strongly
dissociated as of 150 — 160 km altitudes. The reactions (8) and
(9) cannot be sufficiently effective at great altitudes either, for
even Mitra ElE] has already shown, that the triple collision
reactions are only significant to 80 — 90 km altitudes, their effect-
iveness dropping sharply above that range. As to the reactions (6))
and (92), their reaction rate is rather high, and constitutes
10712 cmd secl. However, according to experimental data [13],
the atmosphere lacks somewhat significant balanced NO concentra-
tions, while the corresponding reactions (61) and (91) are ineffect-
ive.

Therefore, the only apparently real wzy of atom N vanishing
is the recombination reaction with emission (7).

In order to obtain a concentration of atomic nitrogen at
the examined altitudes, while lacking reliable data on the reaction
rate coefficient, let us proceed in the following manner : Let us
postulate that atomic nitrogen constitutes one half of the total
density at 500 km altitude, which corresponds to [N] 500 =1.8 107 em™?

Then, considering from the equilibrium condition, that reaction (7)

3 remd it PR T
is regpencikle for N Vanlisaing, we ocbtain :
fom V. ’ X !
3
Vi =V =[N, - (10).

where 0(7 is the coefficient of reaction (7) rate. Knowing [N] and

V;mm“we may find from (10) for 500 km:

1.0-104

- 10~ 30—
810 3.0-10™Mcm3cex

Oy =

Considering the magnitude o5 as constant for all altitudes,

one may find from (10) the value [N] for all the examined altitudes



according to the value of VN brought out in the Table:

500 l
1,8-107

» KM

H
[N], cu—s a0

1,0-108

400

200
6,0-107 4,1-107

The obtzined concentrations of atomic nitrogen cannot be
substantially changed, at least in the sense of increase, despite
\ their being based upon an arbitrary choice of the magnitude Dﬂ 500°
If indeed we take, say at 400 km altitude a concentration N twice
as great as that brousght out, the coefiicient “7 will decrease
L4 times, while the concentration of N increases twofold at all
altitudes, and the atomic nitrogen will thus become the only compo-
nent of the atmosphere at 500 km altitude. Greater increases of EN]
at lover altitudes will lead to still sharper contradictions between
[N] and the total density in the 400— 500 km altitude range,
On the other hand, the only way of checking the wvalidity
of the obtained quantity of N in the atmosphere column consists
in the following reasoning : There is in the spectra of solar ultra-
violet radiation, obtained at 200 km during rocket launchings [143
a reliably identified atomic nitrogen line 1200 K, corresponding
to nitrogen atom's ASO transition to the basic level. Knowing this
line's intensity, obtained in the spectrogram, relative to that of
the Ly line, which does not undergo notable absorption at these
altitudes, and having taken the value of 3 erg/cm sec for the line's
L intensity, we obtain for the value of line Ly intensity at
200 km altitude, the magnitude 0,03 erg/cm sec. The sstimate of
that line's intensity beyond the limits of the terrestrial atmosphe-
re, made on the basis of the work [[15], give the magnitude of 0,015

to 0.020 erg/cm sec, The comparison of both intensities, having a

2= 3 times precision, shows that the line 1200 % is absorbed in
the atmosphere to 200 km altitude no more than 2 times.

Starting from the formula of emission lineabsorption El6]

IH =,I°°e~¢m 1]
where . N
— F1 4
LenoV| l/ R
* mectAMD



it is easy to obtain the estimate of the upper limit of atom N
quantity in the atmosphere column above 200 km. Calculations give
for the 1200 A line :

N 2- 109 Jout. |

If we add the magnitudes [N] brought out in the given work,

we obtain the following quantity of atoms in the column for 200 km:

Nio<(2,2:10% at-fea?,

which does not contradict the previous megnitude within the limits
of precision.

The obtained results may be interpreted as follows :
the nitrogen dissociation at altitudes below 400 km is small — the
atomic nitrogen becomes the essential atmosphere component only at
500 km altitude and above., The course with altitude of atomic nitro-~
gen concentration is about constant, and the obinsined concentrations
of N apparently constitute the upper limit of possible values [Nj.

The mechanism of atomic nitrogen recombination proposed by
Nicolet, cannot asczure a sufiicient rate of nitrogen atom vanishing
at 300 to 400 km altitudes, where these atoms' rate of formation is
maximum, since there is practically no molecular oxygen at these
altitudes, Reaction (7) is capable of providing the necessary rate
of N wvanishing at all altitudes and for a high coefficient of the
rate X, , of the order of 1071 em” sec™l. Tt is possible that there
are other, still unknown mechanism of atomic nitrogen recombination
in ilhe aluosphere, capable of equilibrating the high rate of N
formation,

The fact that there are in the night sky glow atomic nitro-
gen lines is not in contradiction with the obtained low N concen-
trations in the 200 — 400 km altitude range, inasmuch as this glow,
as shown in [17]), is well explained by the reaction of ion N2'+
dissociative recombination., Similarly, the presence in the atmosphere

of N*ions may be explained by the dissociative ionization of mole-
cules N2 [18] :



N> + hv — NY+ N+ e

without resorting to significant concentrations of atomic nitrogen.
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